Objective: To describe the surgical technique of a subxiphoid approach to remove cardiophrenic lymph nodes in women with advanced ovarian cancer.
Introduction
Ovarian cancer is the sixth most common cancer among women in Europe and the most aggressive gynecological malignancy. This is mainly due to the fact that over 80% of cases are diagnosed at an advanced stage of disease. International guidelines currently recommend achieving a complete tumour resection at the time of surgical cytoreduction [1, 2] . In order to achieve this goal, however, several complex procedures are being incorporated as part of the standard surgical procedures [3, 4] . In this regard, aimed at obtaining a complete tumour resection, the removal of the cardiophrenic lymph node has been recently proposed [5] .
The first study proposed the removal of cardiophrenic nodes by video-assisted thoracic surgery (VATS) [5] . More recently, a trans-diaphragmatic resection of cardiophrenic lymph nodes has been described [3, [6] [7] [8] [9] . However, postoperative complications such as pleural effusion, pneumothorax, respiratory failure, or pneumonia have been associated with this surgical approach [3] . Therefore, the subxiphoid surgical technique to remove cardiophrenic lymph nodes in women with advanced ovarian cancer is described in this article.
Materials and methods
A 67-year-old woman, performance status '0' without co-morbidities, was received at the Department of Gynecology, Instituto Valenciano de Oncología, Valencia, Spain. The level of CA-125 was 1265 UI/mL; CEA: 1.2 ng/mL; CA-19.9: 12 UI/mL. The CT scan showed a 12-cm suspected ovarian mass, four-quadrant ascites, peritoneal carcinomatosis and a 1.2-cm cardiophrenic lymph node at the midline. No pleural effusion, nor lung or intra-hepatic metastases were observed. The patient underwent a complete primary debulking surgery, where a Type II radical oophorectomy with immediate bowel anastomosis, right diaphragm and Morrison's pouch peritonectomy and splenectomy were performed. An enlarged cardiophrenic lymph node was removed as well, following the surgical technique described below.
Surgical technique
The anterior cardiophrenic space is located between the sternum and the heart, and above the diaphragm. It contains fat tissue with lymph nodes, which drain from both diaphragms. The first step is to dissect and separate the anterior insertions of the diaphragm at the xiphoid appendix. Thus, the parietal peritoneum and the upper fibres of the transversus abdominis muscle are incised until the diaphragm is identified (Figure 1) . Then, the anteroinferior mediastinum is identified and dissected. At this point, the pericardial sac is also identified. Diaphragmatic deinsertion may be extended 5-7 cm laterally to the xiphoid appendix, following the inferior costal margin according with the localisation of the enlarged lymph nodes (Figure 2) . Thus, the dissection of the anterolateral cardiophrenic space allows the identification of both pleura. In addition, the vertical dissection of the anterior cardiophrenic space allows the removal of enlarged lymph nodes. However, it is important to take in mind, at this time, that the unintentional opening of the pleura is possible. To reduce this risk, a careful dissection of the anterior cardiophrenic fat tissue is essential. Moreover, a careful dissection will avoid damages at the left phrenic nerve as well as the left pericardiophrenic artery and vein. The fourth surgical step is the removal of the cardiophrenic fat tissue with lymph nodes. Finally, the diaphragm is sutured at the lower costal margin by using separated stiches of absorbable 2-0 suture. 
Results
The surgical time was 380 min, with an estimated blood loss of 1200 ml. Two packs of red blood cells were required intra-operatively. The cardiophrenic node removal lasted 17 min from step 1 to step 5, with an unappreciable blood loss. After two days of recovery in the intensive care unit, she completed the postoperative course at the general ward. An X-ray performed during the first postoperative day revealed neither pneumothorax nor pleural effusion. She was discharged ten days after surgery without major complications. The pathological diagnosis revealed a high-grade serous epithelial ovarian cancer FIGO stage IVB due to a positive cardiophrenic lymph node. She initiated adjuvant chemotherapy based on intravenous carboplatin/paclitaxel/bevacizumab 34 days after surgery.
Discussion
The cardiophrenic angle lymph nodes include two different groups of nodes: the anterior pre-pericardiac and the middle latero-pericardiac ones. The afferent lymphatics of cardiophrenic lymph nodes drain areas from the diaphragm, liver, pleura and anterior abdominal wall, and they empty into the internal mammary chain [10] .
There are some controversies regarding the minimum size of lymph nodes to be resected at debulking surgery for ovarian cancer. A recent study evaluated 31 patients with cardiophrenic nodes resection as part of cytoreduction for advanced ovarian cancer. Histological analysis of the lymph nodes observed metastasis in 19 out of 31 patients (61.3%). Analysis of the ROC curves observed that the short axis 7 mm cutoff showed the area under the largest curve with a sensitivity of 61% and a specificity of 83% [6] . Another study of 22 patients with excised cardiophrenic ganglia observed metastases in 21 of them, and all had a size of at least 8 mm at the short axis [7] .
To date, seven studies have demonstrated the feasibility and safety of excising cardiophrenic lymph nodes in the context of ovarian cancer cytoreduction [3, [5] [6] [7] [8] [9] 11] . Even though the first studies described the surgical approach by VATS [5, 11] , the more recent studies described a trans-diaphragmatic approach [3, [6] [7] [8] [9] . In the latter approach, a liver mobilisation and diaphragmatic incision is required, even in some circumstances after diaphragmatic peritonectomy when the pleural space was not opened. Therefore, postoperative complications such as pleural effusion, pneumothorax, respiratory failure or pneumonia have been reported to be associated with this surgical approach [3] . Thus, the surgical approach we describe avoids the necessity to open the diaphragm as well as the pleural space. However, it is important to highlight that a careful dissection of the cardiophrenic fat tissue is required to avoid unintentional pleural opening. Therefore, this approach should be considered when the opening of the diaphragm muscle is avoided during diaphragm peritonectomy.
Conclusion
Utilising the subxiphoid approach to remove cardiophrenic lymph nodes is a feasible surgical technique. In addition, this approach reduces the possibility of opening the pleural cavity, while avoiding a diaphragmatic incision, in comparison with the standard trans-diaphragmatic surgical approach.
